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Abstract
Background: Perceived stress may be a modifiable risk fac-
tor for mild cognitive impairment (MCI) and ultimately de-
mentia, but studies on this topic from low- and middle-in-
come countries (LMICs) are lacking. Objective: We assessed 
the association between perceived stress and MCI in six 
LMICs (China, Ghana, India, Mexico, Russia, and South Africa) 
using nationally representative data. Methods: Cross-sec-
tional, community-based data on individuals aged ≥50 years 
from the World Health Organization’s Study on Global Age-
ing and Adult Health were analyzed. The definition of MCI 
was based on the National Institute on Ageing-Alzheimer’s 
Association criteria. A perceived stress score (range 0 [lowest 
stress] to 10 [highest stress]) was computed based on two 

questions from the Perceived Stress Scale. Multivariable lo-
gistic regression analysis was conducted to assess the as
sociation between perceived stress and MCI. Results: The 
mean (SD) age of the 32,715 participants was 62.1 (15.6) 
years and 51.7% were females. After adjustment for poten-
tial confounders including depression, in the overall sample, 
a one-unit increase in the perceived stress score was associ-
ated with a 1.14 (95% CI = 1.11–1.18) times higher odds for 
MCI. The association was similar among those aged 50–64 
and ≥65 years. Countrywise analysis showed that there was 
a moderate level of between-country heterogeneity in this 
association (I2 = 59.4%), with the strongest association ob-
served in Russia (OR = 1.33, 95% CI = 1.15–1.55). Conclusion: 
If our study results are confirmed in prospective studies, ad-
dressing perceived stress may have an impact in reducing 
the risk for MCI and subsequent dementia in LMICs.

© 2018 S. Karger AG, Basel
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Introduction

Globally, dementia is one of the major causes of dis-
ability and impaired autonomy in the older adult popula-
tion and a source of significant burden to economic and 
social systems [1]. Current estimates project that 46 mil-
lion people may be living with this condition worldwide, 
and as the consequence of global aging, this figure is pro-
jected to nearly triple by 2050 [2]. However, at present, 
there are no truly disease-modifying treatments for de-
mentia. Thus, there is an increasing emphasis on the 
identification of modifiable risk factors for conditions 
known to predict the ultimate emergence of dementia as 
a means to develop interventions aiming to prevent or 
delay the onset of dementia. Specifically, mild cognitive 
impairment (MCI) is considered to be a preclinical tran-
sitional state of dementia [3], with a high conversion rate 
to dementia (12, 20, and 50% at 1, 3, and 5 years, respec-
tively [4]), for which targeted interventions may be pos-
sible.

Currently, there is growing interest in the association 
between perceived stress and subsequent cognitive de-
cline [5]. Perceived stress is defined as a consequence of 
events or demands that exceed an individual’s perceived 
ability to cope [6], and could be a modifiable risk factor 
for MCI/dementia [5]. For example, a longitudinal pop-
ulation-based study conducted in the U.S. showed that 
baseline perceived stress is associated with a faster rate of 
cognitive decline [7]. Some researchers have suggested 
that the high prevalence of dementia among older African 
Americans may be attributable to high levels of stress re-
lated with low socioeconomic status and discrimination 
throughout the life course [8]. Another small U.S. study 
found that stressful life events are associated with higher 
risk for conversion from MCI to dementia [9]. It has been 
hypothesized that stress may lead to cognitive decline 
through mechanisms such as dysregulation of hormones 
(e.g., cortisol) and increased production of proinflamma-
tory cytokines which can impair the neural structure and 
function implicated in cognitive performance [5]. Alter-
natively, the Cognitive Health and Environment Life 
Course Model posits that environmental, demographic, 
lifestyle, and genetic factors are moderated by diseases 
risk factors such as stress and cardiometabolic risk fac-
tors, which in turn are associated with medical conditions 
(e.g., depression, diabetes, and cardiovascular diseases) 
that can increase the risk for cognitive decline [10]. How-
ever, there is a glaring paucity of studies on the associa-
tion between perceived stress and MCI. To the best of our 
knowledge, there is only one U.S. study which specifi-

cally focused on the association between perceived stress 
and MCI [11]. This community-based prospective study 
found that higher levels of stress (per 5-point increase in 
the Perceived Stress Scale) are associated with a 1.30 (95% 
CI = 1.08–1.58) times higher risk for incident amnestic 
MCI among individuals aged ≥70 years (n = 507). Al-
though this study provided insight into the stress-MCI 
relationship, it was conducted in only one location, while 
the sample was derived from a single high-income coun-
try. Thus, it remains unclear whether the results from this 
study can be generalized to other age groups or popula-
tions, including the general population of low- and mid-
dle-income countries (LMICs).

Examining the potential modifiable risk factor for 
MCI/dementia is particularly important in LMICs as the 
speed of aging in LMICs is superseding that of high-in-
come countries [12] and among people with dementia, 
the proportion of those residing in LMICs is expected to 
increase from the current rate of 58 to 68% by 2050 [2]. 
Furthermore, the rapid increase in cardiovascular diseas-
es, obesity, diabetes, and hypertension observed in this 
setting may give rise to a parallel increase in the incidence 
and prevalence of dementia, as these conditions have 
been reported to increase the risk for dementia [2].

Perceived stress is an important risk factor to investi-
gate in this setting as poverty is widespread in LMICs, and 
it is possible that people in LMICs are experiencing high-
er levels of stress or different types of stress compared to 
people in high-income countries because of the multitude 
of distress linked to poverty and social inequality (e.g., 
food insecurity, adverse working conditions, financial 
strain). Furthermore, the rapid and drastic changes in the 
economic and social landscape occurring across many 
LMICs, including globalization and urbanization, may 
also be contributing to increasing levels of perceived 
stress among people in this setting. Thus, the aim of the 
current study was to assess whether perceived stress is as-
sociated with MCI independent of known risk factors for 
MCI among adults aged ≥50 years using nationally rep-
resentative data from six LMICs included in the WHO 
Study on Global Ageing and Adult Health (SAGE).

Methods

The Survey
Data from SAGE were analyzed. These data are publicly avail-

able through http://www.who.int/healthinfo/sage/en/. This survey 
was undertaken in China, Ghana, India, Mexico, Russia, and South 
Africa between 2007 and 2010. These countries broadly represent 
different geographical locations and levels of socioeconomic and 
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demographic transition. Based on the World Bank classification at 
the time of the survey, Ghana was the only low-income country 
and China and India were lower middle-income countries, al-
though China became an upper middle-income country in 2010. 
The remaining countries were upper middle-income countries.

Details of the survey methodology have been published else-
where [13]. In brief, in order to obtain nationally representative 
samples, a multistage clustered sampling design method was used. 
The sample consisted of adults aged ≥18 years with oversampling 
of those aged ≥50 years. Trained interviewers conducted face-to-
face interviews using a standard questionnaire. Standard transla-
tion procedures were undertaken to ensure comparability between 
countries. If a respondent was unable to undertake the interview 
because of limited cognitive function, a separate questionnaire was 
administered to a proxy respondent. These individuals were not 
included in the current study. The survey response rates were 93% 
for China, 81% for Ghana, 68% for India, 53% for Mexico, 83% for 
Russia, and 75% for South Africa. Sampling weights were con-
structed to adjust for the population structure as reported by the 
United Nations Statistical Division.

MCI (Outcome)
MCI was ascertained based on the recommendations of the Na-

tional Institute on Aging-Alzheimer’s Association [14]. We ap-
plied the identical algorithms used in previous publications using 
a dataset with the same survey questions to identify MCI [15, 16]. 
Briefly, individuals fulfilling all of the following conditions were 
considered to have MCI:

(a) Concerns about a change in cognition. Individuals who re-
plied “bad” or “very bad” to the question “How would you best 
describe your memory at present?” and/or those who answered 
“worse” to the question “Compared to 12 months ago, would you 
say your memory is now better, the same or worse than it was 
then?” were considered to have this condition.

(b) Objective evidence of impairment in one or more cognitive 
domains was based on a <–1 SD cutoff after adjustment for level of 
education, age, and country. Cognitive function was assessed 
through the following performance tests: word list immediate and 
delayed verbal recall from the Consortium to Establish a Registry 
for Alzheimer’s Disease [17], which assessed learning and episod-
ic memory; digit span forward and backwards from the Weschler 
Adult Intelligence Scale [18], which evaluated attention and work-
ing memory; and the animal naming task [17], which assessed ver-
bal fluency.

(c) Preservation of independence in functional abilities. It has 
been stated that people with MCI may have mild problems in per-
forming complex tasks such as paying bills or shopping, but they 
generally maintain their independence of function in life with 
minimal aid or assistance [14]. Thus, this was assessed by questions 
on self-reported difficulties with basic activities of daily living in 
the past 30 days [19]. Specific questions were “How much diffi-
culty did you have in getting dressed?” and “How much difficulty 
did you have with eating (including cutting up your food)?” The 
answer options were none, mild, moderate, severe, and extreme 
(cannot do). Those who answered either none, mild, or moderate 
to both of these questions were considered to have preservation of 
independence in functional activities. All other individuals were 
removed from the analysis (935 individuals aged ≥50 years).

(d) No dementia. Individuals with a level of cognitive impair-
ment severe enough to preclude the possibility to undertake the 

survey were not included in the current study. Specifically, the de-
cision for noninclusion was based on the Informant Questionnaire 
on Cognitive Decline in the Elderly [20].

Perceived Stress (Exposure)
In line with previous publications [21, 22], we assessed per-

ceived stress in the last month with the use of two questions which 
were taken from the Perceived Stress Scale [23]. This validated 
scale has been widely used to measure perceived stress worldwide. 
The questions asked were “How often have you felt that you were 
unable to control the important things in your life?” and “How of-
ten have you found that you could not cope with all the things that 
you had to do?” The answer options to these questions were “nev-
er” (score = 1), “almost never” (score = 2), “sometimes” (score = 
3), “fairly often” (score = 4), and “very often” (score = 5). As in a 
previous study which used the identical questions to measure per-
ceived stress [22], we conducted factor analysis with polychoric 
correlations to incorporate the covariance structure of the answers 
provided for individual questions measuring a similar construct. 
The principal component method was used for factor extraction, 
while factor scores were obtained using the regression scoring 
method. These factor scores were later converted to scores ranging 
from 0 to 10, with higher values indicating higher levels of per-
ceived stress. We also used the two individual questions with the 
original five answer options in some analyses.

Control Variables
The analysis adjusted for a number of potential confounders 

which have been reported to be linked with both MCI and per-
ceived stress [11, 16, 22]. These included sex, age (years), years of 
education, wealth quintiles based on country-specific income, de-
pression, and number of chronic conditions. Questions based on 
the World Mental Health Survey version of the Composite Inter-
national Diagnostic Interview were used for the endorsement of 
DSM-IV depression (online suppl. Table 1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000492177). The 
number of chronic physical conditions was based on ten condi-
tions (angina, arthritis, asthma, cataract, chronic lung disease, dia-
betes, edentulism, hearing problems, hypertension, and stroke), 
assessed by self-report of diagnosis, symptoms, interviewer obser-
vation, or blood pressure measurement (online suppl. Table 2).

Statistical Analysis
Statistical analysis was performed with Stata 14.1 (StataCorp 

LP, College Station, TX, USA). The analysis was restricted to those 
aged ≥50 years. We included the middle-aged in this analysis be-
cause assessment of cognitive function and its risk factors at ear-
lier ages is important for prevention of dementia since cognitive 
dysfunction appears up to 10 years before the actual dementia di-
agnosis [24], and there is burgeoning evidence base that interven-
ing in midlife is crucial [25]. We conducted multivariable logistic 
regression analysis to assess the association between perceived 
stress (exposure) and MCI (outcome). Using the continuous vari-
able on perceived stress ranging from 0 to 10 as the exposure vari-
able, we conducted hierarchical analysis that examined the effect 
of including different covariates in the model using the overall 
sample (i.e., age ≥50 years). Specifically, we constructed a total of 
five models: model 1 – adjusted for sex, age, and country; model  
2 – adjusted for factors in model 1 and education; model 3 – ad-
justed for factors in model 2 and wealth; model 4 – adjusted for 
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factors in model 3 and depression; and model 5 – adjusted for fac-
tors in model 4 and chronic conditions.

We also conducted age-stratified analysis (50–64 and ≥65 
years) as the risk factors of MCI may differ between midlife and 
late life [16]. Since a previous study showed that there may be dif-
ferences in the hypothalamic-pituitary-adrenal axis response to 
stress between males and females [26], we also tested whether sex 
is a moderator variable in the association between perceived stress 
and MCI by including a product term (sex × perceived stress) in 
the model using the overall sample. We also conducted country-
wise analyses using the sample including all individuals aged ≥50 
years. In order to assess the between-country heterogeneity that 
may exist in the association between perceived stress and MCI, we 

calculated the Higgins’ I2 based on estimates for each country. The 
Higgins’ I2 represents the degree of heterogeneity that is not ex-
plained by sampling error, with a value of < 40% often considered 
as negligible and 40–60% as moderate heterogeneity [27]. A pooled 
estimate was obtained by random-effects meta-analysis based on 
countrywise estimates. Finally, we also assessed the association be-
tween the two individual questions on perceived stress with the 
original five answer options and MCI using the overall sample with 
multivariable logistic regression.

The regression analyses were all adjusted for sex, age, years of 
education, wealth, depression, and number of chronic physical 
conditions apart from models 1–4 in the hierarchical analysis. The 
analyses apart from the countrywise analysis were also adjusted for 
country using fixed-effects models by including dummy variables 
for each country. All variables were included in the models as cat-
egorical variables, with the exception of age, years of education, 
number of chronic physical conditions, and the perceived stress 
scale ranging from 0 to 10 (continuous variables). Less than 3.5% 
of the data were missing for the variables used in the analysis. 
Complete-case analysis was done. The sample weighting and the 
complex study design were taken into account in the analyses. Re-
sults from the regression analyses are presented as ORs with 95% 
CIs. The level of statistical significance was set at p < 0.05.

Results

The final analytical sample comprised 32,715 individ-
uals aged ≥50 years with preservation of functional abili-
ties. The overall prevalence (95% CI) of MCI was 15.3% 
(14.4–16.3%). Sample characteristics are presented in Ta-
ble 1. Overall, the mean (SD) age was 62.1 (15.6) years and 
51.7% were females. Russia had the highest proportion of 
females, years of education, and number of chronic con-
ditions. The prevalence of MCI increased linearly with 

Table 1. Sample characteristics

Characteristic Category Overall
(n = 32,715)

China
(n = 12,815)

Ghana
(n = 4,201)

India
(n = 6,191)

Mexico
(n = 2,070)

Russia
(n = 3,766)

South Africa
(n = 3,672)

Sex female 51.7 50.2 47.4 48.2 52.8 60.6 56.0
Age, years mean (SD) 62.1 (15.6) 62.4 (16.3) 64.2 (19.7) 61.1 (13.2) 62.3 (17.4) 63.4 (14.8) 61.4 (18.3)
Education, years mean (SD) 6.1 (8.9) 5.6 (8.1) 4.2 (9.9) 3.8 (7.4) 5.1 (7.9) 11.2 (5.1) 6.0 (10.1)
Wealth poorest 16.9 16.0 18.4 18.2 14.4 15.6 20.7

poorer 18.9 18.0 19.1 19.4 25.2 19.7 19.9
middle 19.4 20.4 20.3 18.5 16.7 19.0 18.5
richer 21.5 23.6 20.8 19.8 16.5 20.8 19.8
richest 23.3 22.1 21.4 24.2 27.2 24.9 21.1

Depression yes 5.5 1.0 7.0 11.9 10.2 3.2 2.9
Chronic physical conditions, n mean (SD) 1.8 (2.5) 1.5 (2.4) 1.4 (2.0) 1.8 (2.2) 1.7 (2.2) 2.3 (2.5) 1.7 (2.5)
Mild cognitive impairment yes 15.3 24.3 7.4 9.7 17.6 9.6 8.5
Perceived stress scorea mean (SD) 4.0 (4.0) 3.3 (4.0) 5.1 (3.9) 4.4 (3.9) 2.4 (3.8) 4.2 (2.9) 4.6 (5.3)

Data are weighted column percentages unless otherwise stated. a Perceived stress was based on a scale ranging from 0 to 10, with higher scores correspond- 
ing to higher levels of stress.
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Fig. 1. Prevalence of mild cognitive impairment by perceived stress 
score. Perceived stress was based on a scale ranging from 0 to 10, 
with higher scores corresponding to higher levels of stress.
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increasing levels of perceived stress, with prevalence 
ranging from 11.3 to 30.9% between those with the lowest 
(score 0–< 2) and highest (score 8–10) levels of stress 
(Fig. 1). After adjustment for age, sex, and country, a one-
unit increase in the level of perceived stress (range 0–10) 
was associated with a significant 1.18 times higher odds 
for MCI. The sequential inclusion of potential confound-
ers slightly attenuated the association between perceived 
stress and MCI, but this association remained significant 
even after adjustment for all potential confounders  
(OR = 1.14, 95% CI = 1.11–1.18) (model 5) (Table 2). This 
association was the same in both age groups (i.e., 50–64 

and ≥65 years) (Table 3). No significant interaction by 
sex was observed in the overall sample. There was a mod-
erate level of between-country heterogeneity in this asso-
ciation (Higgins’ I2 = 59.4%), the strongest association 
being observed in Russia (OR = 1.33, 95% CI = 1.15–1.55) 
(Fig.  2). Finally, analyses based on the two individual 
questions on perceived stress showed that greater fre-
quency of perceived stress is associated with higher odds 
for MCI (online suppl. Table 3). Specifically, the highest 
frequency (very often) of perceived stress was associated 
with 3.66 or 3.85 times higher odds for MCI compared to 
the lowest frequency (never).

Table 2. Association between perceived stress and other covariates and mild cognitive impairment (outcome) estimated by multivari-
able logistic regression among adults aged ≥50 years

Characteristic Category Model 1 Model 2 Model 3 Model 4 Model 5

Perceived stressa per unit increase 1.18 (1.15–1.22)d 1.17 (1.14–1.21)d 1.15 (1.12–1.19)d 1.15 (1.12–1.19)d 1.14 (1.11–1.18)d

Sex male vs. female 0.89 (0.79–1.00) 0.98 (0.87–1.10) 0.94 (0.84–1.06) 0.94 (0.83–1.06) 0.97 (0.86–1.09)
Age, years per unit increase 1.03 (1.02–1.03)d 1.02 (1.02–1.03)d 1.02 (1.02–1.03)d 1.02 (1.02–1.03)d 1.02 (1.01–1.02)d

Education, years per unit increase 0.96 (0.94–0.97)d 0.98 (0.96–0.99)c 0.98 (0.96–0.99)c 0.98 (0.96–0.99)c

Wealth poorest 1.00 1.00 1.00
poorer 0.99 (0.83–1.18) 0.99 (0.83–1.17) 0.97 (0.82–1.16)
middle 1.07 (0.89–1.30) 1.07 (0.89–1.30) 1.05 (0.87–1.27)
richer 0.74 (0.61–0.90)c 0.74 (0.61–0.90)c 0.74 (0.61–0.89)c

richest 0.48 (0.39–0.59)d 0.48 (0.39–0.59)d 0.47 (0.38–0.59)d

Depression yes vs. no 1.04 (0.78–1.38) 0.89 (0.67–1.19)
Chronic conditions, n per unit increase 1.19 (1.14–1.23)d

Data are odds ratios (95% confidence intervals). Models are mutually adjusted for all variables in the respective columns and countries. a Perceived stress 
was based on a scale ranging from 0 to 10, with higher scores corresponding to higher levels of stress. c p < 0.01, d p < 0.001.

Table 3. Association between perceived stress and other covariates and mild cognitive impairment (outcome) by age groups estimated 
by multivariable logistic regression

Characteristic Category 50–64 years ≥65 years

Perceived stressa per unit increase 1.14 (1.10–1.18)d 1.14 (1.10–1.19)d

Sex male vs. female 0.85 (0.73–0.98)b 1.13 (0.94–1.36)
Age, years per unit increase 1.02 (1.00–1.04) 1.05 (1.04–1.06)d

Education, years per unit increase 0.97 (0.95–0.99)c 0.98 (0.96–1.01)
Wealth poorest 1.00 1.00

poorer 0.95 (0.76–1.19) 0.94 (0.72–1.22)
middle 0.94 (0.75–1.18) 1.12 (0.84–1.49)
richer 0.74 (0.57–0.95)b 0.64 (0.50–0.81)d

richest 0.39 (0.30–0.52)d 0.55 (0.40–0.76)d

Depression yes vs. no 0.88 (0.61–1.26) 0.88 (0.58–1.34)
Chronic conditions, n per unit increase 1.23 (1.17–1.31)d 1.16 (1.10–1.23)d

Data are odds ratios (95% confidence intervals). Models are mutually adjusted for all variables in the respective columns and coun-
tries. a Perceived stress was based on a scale ranging from 0 to 10, with higher scores corresponding to higher levels of stress. b p < 0.05, 
c p < 0.01, d p < 0.001.
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Discussion

In our study, we found that perceived stress is associ-
ated with MCI after adjustment for various potential con-
founders, including depression, in six LMICs which col-
lectively comprise nearly half of the worldwide popula-
tion [13]. Perceived stress was similarly associated with 
MCI in both the middle-aged and the older population. 
A moderate level of between-country heterogeneity in the 
association was observed, the association being most pro-
nounced in Russia. The strength of the study includes the 
large sample size and the use of nationally representative 
samples from six countries. Furthermore, to the best of 
our knowledge, our study is the first to examine the as-
sociation between perceived stress and MCI in LMICs, 
while it is also the first multicountry study on this topic 
as well as the first study focusing on middle-aged indi-
viduals, for whom the importance of targeted interven-
tions are increasingly being recognized. Given that MCI 
is often considered as a prodromal stage of Alzheimer’s 
dementia and that perceived stress may be a modifiable 
risk factor, investigating this association is important to 
provide information that can serve as a basis for preven-
tive interventions.

Our study results are in line with the only study to date 
which specifically reported a heightened risk for MCI 
among elderly with higher levels of perceived stress in the 
U.S. [11]. Perceived stress has been associated with poor 

cognitive performance in other studies, but these were 
not specifically on MCI [7, 28]. Furthermore, while not 
specifically on perceived stress or global life stress, re-
lated factors such as childhood adversities [29], work-
related stress [30], and stressful life events [31] have been 
related with increased risk for cognitive decline or de-
mentia.

The fact that the potential confounders assessed in our 
study including wealth, depression, and chronic physical 
diseases had very little influence in the association be-
tween perceived stress and MCI and that perceived stress 
remained strongly associated with MCI even after adjust-
ment for all potential confounders point to the possibil-
ity that the association may be partly explained by phys-
iological factors. Although our study lacked data on 
physiological factors, hypothetically, stress may exert its 
negative effects on cognition through several physiologi-
cal pathways pertaining to the central nervous, neuroen-
docrine, and immune systems. In terms of the neuroen-
docrine pathway, prolonged elevation of cortisol, which 
is a hypothalamic-pituitary-adrenal axis response to 
chronic stress, may increase risk for stress-related cogni-
tive decline. This response can lead to alterations in brain 
structure and function in the prefrontal cortex, hippo-
campus, and amygdala [32]. The hippocampus in par-
ticular is fundamental for memory and is viewed as the 
initial site of the neuropathology of Alzheimer’s disease 
[33]. Stress can potentially also increase the production 

Country OR (95% CI) Weight, %

South Africa 1.04 (0.96–1.13) 16.96
Mexico 1.08 (0.93–1.25) 7.72
Ghana 1.08 (1.01–1.17) 18.63
China 1.09 (1.06–1.13) 27.70
India 1.17 (1.10–1.24) 21.26
Russia 1.33 (1.15–1.55) 7.73
Overall (I2 = 59.4%, p = 0.031) 1.11 (1.06–1.17) 100.00

0.9 1 1.6

Fig. 2. Countrywise association between perceived stress and mild cognitive impairment (outcome). Perceived 
stress was based on a scale ranging from 0 to 10, with higher scores corresponding to higher levels of stress. Es-
timates are adjusted for age, sex, education, wealth, depression, and number of chronic physical conditions. The 
overall estimate was obtained by meta-analysis with random effects.
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of proinflammatory cytokines [34], which may increase 
vulnerability to neuropsychiatric disorders, including 
depression and dementia [35, 36]. Finally, animal studies 
have shown that stress may directly cause neuropathol-
ogy associated with dementia, such as synaptic loss [37] 
and increased levels of β-amyloid and phosphorylated 
tau [38].

The reason why a moderate level of between-country 
heterogeneity in the association between perceived stress 
and MCI was found is unknown. However, the variation 
may be attributable to the sociohistorical conditions that 
are unique to each country. For example, the particularly 
strong association in Russia may be related with high lev-
els of societal distress due to the collapse of the Soviet 
Union and subsequent high levels of smoking, alcohol 
consumption, depression, and deterioration of the health 
care system [39]. Future studies should assess how envi-
ronmental and society-related factors may affect the 
stress-MCI relationship.

Interventions to relieve stress at the population or 
community level are generally lacking, particularly in 
LMICs. However, some individual-level interventions 
have been developed and have largely focused on cultivat-
ing mindfulness [40], though a few interventions have ad-
opted a more cognitive approach [41]. Apart from psy-
chotherapeutic interventions, other methods of stress re-
duction may entail the promotion of physical exercise 
[42] and possibly engagement in certain types of leisure 
activities [43]. Structural changes at the macro level to al-
leviate poverty and to address inequality, neighborhood 
safety, or unemployment may also help reduce stress in 
LMICs.

The study results should be interpreted in the light of 
several limitations. First, some individuals with mild de-
mentia may have been included in our analytical sample 
owing to the fact that the study was not designed to make 
clinical diagnoses of dementia. However, it is reassuring 
that the prevalence of MCI in our study was within previ-
ously reported figures [44]. Second, there is currently no 
consensus in terms of the acceptable level of functional 
impairment that individuals with MCI may present. We 
used a conservative definition for preservation of inde-
pendence in functional abilities, which has been used in 
previous publications [15, 16], so as not to exclude MCI 
cases with disability not related with their cognitive abil-
ity. It is possible that the results may differ slightly de-
pending on the definition used. Third, due to data avail-
ability, we were only able to use an abridged version of the 
perceived stress scale, which may differ in terms of valid-
ity and reliability compared to the original scale. Further-

more, although the original perceived stress scale was de-
signed to be sensitive to chronic stress [23], it is possible 
that our abridged version does not necessarily reflect 
stress of a chronic nature. Given that chronic stress is 
considered to be important in the etiology of dementia, 
future studies should consider measures of perceived 
stress that take chronicity into account or assess how cu-
mulative stress across the lifespan is associated with MCI/
dementia. At least our analysis on the frequency of stress, 
which may correlate with chronicity to a certain extent, 
showed that greater frequency of stress is associated with 
MCI in a dose-dependent fashion. In addition, we were 
unable to assess the influence of poor health care and 
some lifestyle factors (e.g., alcohol consumption) in the 
association between MCI and perceived stress due to lack 
of data or availability of only crude measures. Finally, 
since this was a cross-sectional study, causality cannot be 
inferred. It is possible that eroding cognitive acuity in 
MCI may lead to higher levels of perceived stress. How-
ever, a previous longitudinal study showed that MCI is 
unlikely to precede perceived stress [11]. Specifically, this 
longitudinal study found that increasing levels of per-
ceived stress at baseline were found to increase the risk of 
future onset of amnestic MCI in individuals without am-
nestic MCI or dementia at baseline. Furthermore, in the 
same study, the authors assessed whether the association 
between perceived stress and amnestic MCI would be 
greatest for times closest to the assessment of perceived 
stress. This was done as under the reverse causality hy-
pothesis, it would be expected that the association be-
tween amnestic MCI and perceived stress would be stron-
gest for times closest to the assessment of perceived stress. 
However, a completely opposite result was found where 
the association was stronger after 3 years of follow-up. 
Furthermore, under this hypothesis, Perceived Stress 
Scale scores should increase prior to onset of MCI, but the 
overall change in the linear slope for the Perceived Stress 
Scale score was not significantly different from zero, while 
there were no differences in the Perceived Stress Scale 
score slopes between those who did and did not develop 
MCI.

In conclusion, our study results suggest that perceived 
stress might be a modifiable risk factor for MCI and sub-
sequent dementia in LMICs. Our cross-sectional study 
can serve as a platform for future longitudinal studies to 
assess temporal associations. If confirmed in longitudinal 
and intervention studies, low-cost interventions designed 
to alter responses to stress might be a viable strategy to 
reduce the onset of cognitive decline and subsequent de-
mentia in LMICs.
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